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This study evaluated gloss and color changes of esthetic restorative materials subjected to 
different acidic beverages. Specimens of resin composites (Z350XT (Z350), IPS Empress Direct 
(ED), Charisma Diamond (CD)) were prepared and the initial surface gloss and color (ΔE) 
were measured (n=10). Then, the specimens were immersed in 4 mL of each of the different 
beverages (cranberry juice; Coca-Cola; coffee or artificial saliva) during 15 min, 3x/day for 
14 days and new gloss and color readings were obtained. Color change was evaluated with 
the ΔE formula and gloss change values were obtained by the formula: (final gloss - initial 
gloss). Data was submitted to two-way ANOVA followed by Tukey’s post hoc test (α=0.05). 
CD showed the lowest color change among resin composites. The highest ΔE values were 
obtained after immersion in coffee and cranberry juice. Coffee promoted the highest gloss 
change (worst gloss retention), followed by cranberry juice, Coca-cola and artificial saliva 
(p<0.05). The type of beverage significantly influenced the gloss of resin composites. Coca-
cola reduced gloss of the three resin composites in a similar manner. Coffee affected the ED 
gloss more than that of Z350 and CD, while cranberry juice affected Z350 more than ED and 
CD. Saliva had a more pronounced effect on the gloss retention of CD than ED. The beverages 
used in this study influenced the optical surface properties of the composites studied.
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Introduction
After the establishment of resin composites as a 
restorative material, nanotechnology has been a key point 
in the development of esthetic restorative materials (1). 
According to the form, size, and distribution of the filler 
content of direct composites, these materials are classified 
as microfilled, microhybrid and nanocomposite (2). 
Inorganic fillers are frequently employed to improve 
the physical properties of resin composites and decrease 
polymerization shrinkage (3). These esthetic restorative 
materials are usually exposed to thermal, mechanical 
and chemical challenges in the oral environment, which 
may damage the materials surface causing the materials 
degradation (1,4,5). In clinical practice, resin degradation, 
mainly the color and gloss alterations, are one of the major 
factors responsible for the replacement of fillings in anterior 
teeth (4). 
Color and color change can be evaluated by 
spectrophotometers or colorimeters, which eliminate the 
subjective interpretation presented by visual evaluation (6). 
The gloss is the ability of the surface to reflect light and is 
associated with surface smoothness, which allows different 
indices of light reflection. The loss of gloss in resinous 
composites acts negatively on aesthetics, being responsible 
for the harmony or not in relation to the adjacent teeth (7). 
Resin composites have a tendency to discolor during 
long-term service in the oral cavity (5). The internal color 
change of resinous materials is one of the reasons for 
these discolorations (6). Some of the previous studies have 
evaluated the color changes of resin composites over 
specified periods of time.
It is known that diet is the principal source of acids 
and stains related to the degradation of composites. The 
modifications in diet and lifestyle induce people to choose 
some beverages such as soft drinks, juices and coffee  that 
can dye dental fillings (5). With respect to the erosive 
potential of the beverages, several studies have provided 
clear evidence that the type and concentration of acids, 
pH and buffer capacity are potential risk factors for the 
degradation of the dental material (4).
Since esthetic dental materials are currently used 
for anterior tooth restorations, the investigation of the 
influence of acidic beverages on the optical properties of 
resin composites may be an important strategy to help 
increase the longevity of the restorations. The hypotheses 
tested were that degradation with acidic beverages would 
affect the color and gloss of composites.
 
Material and Methods
Material and Specimen Preparation
The composites used in this study were selected 
according to their composition (Table 1). The composites will 





















be subjected to chemical degradation in different solutions: 
Coca-Cola (The Coca-Cola Company, Rio de Janeiro, RJ, 
Brazil), Cranberry juice (Juxx, Barueri, SP, Brazil), Nescafé 
(Nestle Brazil Ltd., São Paulo, SP, Brazil) and artificial saliva 
(Proderma Farmácia de Manipulação, Piracicaba, SP, Brazil). 
Forty circular specimens (8 mm diameter and 2 mm thick) 
of each composite were fabricated using a condensation 
silicone mold (Optosil® Heraeus Kulzer, GbmH, Germany). 
A single increment of the composite was inserted into 
mold, covered with a glass slide for excess material and 
was photo-activated with a curing light unit (Free Light, 
3M ESPE, St. Paul, MN, USA), with a power density of 1250 
mW/cm2, according to the manufacturer’s instructions. 
The irradiance of the light-curing unit was checked with 
a curing light meter (Hilux Dental Curing Light Meter, 
Benliglu Dental Inc., Ankara, Turkey). After curing, the 
samples were removed from the mold and stored at a 100% 
relative humidity at 37°C for 24 h. Then, the specimens 
were polished with aluminum-oxide abrasive disks (Soflex 
On Pop, 3M ESPE) at a low speed, using a sequence of 
medium, fine, and superfine granulation. Each polishing 
step was carried out for 20 s, using a circular movement. 
Then, the specimens were washed by spraying water / air 
for 10 s and air-dried for 5 s. A new abrasive disc was used 
after five specimens. After each polishing procedure step, 
the specimens were ultrasonically cleaned (Model T1440D; 
Odontobrás Ltda, Ribeirão Preto, SP, Brazil) in deionized 
water for 10 min to remove debris. The specimens were 
randomly allocated into 12 subgroups (n=10) in accordance 
with the restorative material (Table 1) and degradation 
solution (Table 2). Baseline measurements were taken to 
assess color and surface gloss. 
Color Assessment
 A color reading was performed using a spectrophotometer 
(CM-700d, Konica Minolta, Japan) in reflectance mode. The 
samples were placed in a sample carrier in a light cabin 
(GTI Mini Matcher MM1e, GTI Graphic Technology Inc., 
Newburgh, NY, USA) to standardize the ambient light during 
the measurement process. A spectrophotometer was used 
to determine the baseline CIE values (L0, a0, b0) of the 
specimens before degradation and CIE values (L1, a1, b1) 
of the stained specimens after chemical degradation. CIE 
L*a*b* measurements of each specimen were performed 
using a white background. The L*a*b* system allows for the 
numeric definition of a color as well as to demonstrate the 
difference between two colors using the following formula: 
ΔE= [(L1–L0)2 + (a1–a0)2 + (b1–b0)2] ½, using the On 
Color QC Lite software (Konica Minolta, Japan) to generate 
spectral measurements as a function of wavelength for 
data processing and analysis (8). 
Surface Gloss Measurement 
Surface gloss was measured with a gloss meter (ZGM 
Table 1. Materials tested in this study
Materials Composition Filler particle size Manufacturer #Batch
Z350XT
78.5 (wt%) combination of aggregated 
zirconia/silica cluster filler and non-
agglomerated silica filler, Bis-EMA, 
Bis-GMA, UDMA, TEGDMA








81.2 (wt%) ,  Bar ium, alumina, 
fluorosilicate glass, barium glass filler, 
mixed oxide, and ytterbium trifluoride, 
Bis-GMA and UDMA





 77 (wt%), Ba, Al, F glass and colloidal 
silica TCD-DI-HEA, UDMA, Bis-GMA, 
TEGDMA





Bis-GMA = bisphenol glycidyl methacrylate; TEGDMA = triethylene glycol dimethacrylate; HEMA = 2hydroxyethyl methacrylate; Bis-EMA = 
ethoxylated bisphenol-A dimethacrylate; UDMA = urethane dimethacrylate. TCD-DI-HEA = Bis-(acryloyloxymethyl) tricyclo [5.2.1.02,6] decane
Table 2. Main characteristics of the acidic solutions 
Food/Drink Main ingredients pH
Coca-Cola® Carbonated water, sugar, caramel color, phosphoric acid, natural flavors, caffeine 2.54
Cranberry® Juice Water, cranberry juice, sugar, ascorbic acid 2.76
Nescafé® coffee powder 5
Artificial saliva
Calcium (0.1169 g of calcium hydroxide/L of deionized water); 0.9 mM of phosphorus 
and potassium (0.1225 g potassium phosphate monobasic/L of deionized water); 
20 mM TRIS buffer (2.4280 g TRIS buffer/L of deionized water)
7.0













1120 Glossmeter, Zehntner GmbH Testing Instruments, 
Sissach, Switzerland) that was calibrated against a black-
glass standard, provided by the manufacturer. A black 
opaque plastic mold was placed over the specimens during 
the measurements to eliminate the influence of the ambient 
light and maintain the exact position of the sample for the 
repeated measurements. Four measurements per specimen 
were performed at 60° light incidence and reflection angles 
(9). The four readings were averaged to obtain a single 
value for each specimen. 
Chemical Degradation
After the initial readings of color and surface gloss, 
all samples were submitted to chemical degradation in 
different solutions: Coca-Cola, Cranberry juice, Nescafé and 
artificial saliva. The composition and pH of the degradation 
solutions are reported in Table 2. For the preparation of the 
coffee solution (Nescafé), 15 g of powder were weighed 
on an analytical balance and added to 500 mL of boiling 
water (10). The samples were immersed individually in 4 
ml of each solution for 15 min three times a day for 14 
days (protocol determined in a pilot study). After each 
immersion in the solution, the samples were washed with 
distilled water and stored in artificial 
saliva at 37 °C until completion of 
the next immersion. At the end of 
the storage period, the specimens 
were ultrasonically washed for 10 
min, dried, and re-evaluated for 
brightness and color, allowing for the 
calculation of gloss variations (final 
gloss - initial gloss) and color (ΔE).
Data Analysis
The outcome variables of the 
study were the color (ΔE) and gloss 
(UG) change values, after immersion 
of different resin composites in acidic 
solutions. The preliminary results 
by the Kolmogorov-Smirnov test 
indicated the data were normally 
distributed (p>0.05). For each 
response variable, data was submitted 
to two-way ANOVA and Tukey’s post 
hoc test at a pre-set alpha of 0.05.  
Results
Color assessment 
Multiple comparisons performed 
by Tukey test showed  that there were 
statistically significant differences 
between the variables; material 
and acidic solution (p=0.004). The results showed that all 
composites had changes in their color. The ΔE and standard 
deviation values of color changes after immersion in 
different acidic solutions are shown in Table 3. 
The acidic solutions significantly influenced color 
changes in the resin composites and were material-
dependent. The highest staining of Z350 occurred after 
immersion in coffee and Cranberry juice, whilst for ED 
the highest color change was observed after immersion in 
coffee, followed by Cranberry juice, Coca-Cola and then 
saliva. The color change of CD was significantly greater 
affected by coffee and cranberry juice than Coca-Cola 
and saliva. The resin composites immersed in Coca-Cola 
showed a similar color change. After immersion in coffee, 
CD showed significantly less color change than Z350 and 
ED. The Cranberry juice and the artificial saliva promoted 
higher staining in the specimens of Filtek Z350 compared 
to Charisma Diamond.
Surface Gloss Measurement
Multiple comparisons performed by Tukey test revealed 
that the interaction between factors; composite and 
solution was significant (p<0.001) (Table 4). In a comparison 




Filtek Z350 IPS Empress Direct Charisma Diamond
Coca-cola - 1.88 (0.84) b,A* - 1.78  (0. 06) c,A -1.97 (0.59) c,A
Coffee - 4.35 (0.92) a,B - 5.24 (0.91) a,A - 3.21 (0.75) a,B
Cranberry juice - 4.97  (0.93) a,A - 3.38 (0.62) b,B - 2.60 (0.50) b,B
Artificial saliva - 1.20 (0.67) b,BA - 0.69 (0.55) d,B - 1.35 (0.83) c,A
Different lower letters in columns and capital letters in rows indicate statistically significant 
difference among groups  (Tukey test; a=0.05).




Filtek Z350 IPS Empress Direct Charisma Diamond
Coca-cola 2.46 (0.59) b,A* 3.55  (0.95) c,A 4.31 (0.49) b,A
Coffee 11.16 (0.92) a,A 11.35 (0.83) a,A 8.80 (0.86) a,B
Cranberry juice 9.54  (0.97) a,A 8.57 (0.62) b,AB 7.03 (0.77) a,B
Artificial saliva 3.03 (0.85) b,A 1.12 (0.57) d,AB 0.72 (1.03) c,B
Different lower letters in columns and capital letters in rows indicate statistically significant 
difference among groups  (Tukey test; a=0.05).





















of gloss change between different solutions for each 
resin composite, the loss of gloss of the Filtek Z350 was 
significantly higher after immersion in coffee and cranberry 
juice in comparison with the other solutions. For the IPS 
Empress Direct, the order of loss of brightness was coffee, 
followed Cranberry, Coca-Cola and artificial saliva with 
significant differences between the groups. The Charisma 
Diamond had the greatest loss of gloss after immersion in 
coffee followed by Cranberry juice, while the specimens 
immersed in Coca-Cola and saliva produced the lowest gloss 
changes with no significant differences between them. 
The evaluation of the interaction between the acidic 
solution and composite resin material showed that the 
gloss change of the different esthetic restorative material 
was similar between them, after Coca-cola immersion. 
The immersion in coffee promoted higher loss of gloss for 
IPS Empress Direct when compared to the other materials. 
The Cranberry juice immersion yielded greater gloss loss of 
the Filtek Z350, in comparison to IPS Empress Direct and 
Charisma Diamond. Gloss change of the Charisma Diamond 
after immersion in artificial saliva seemed to demonstrate 
a higher value than the IPS Empress Direct.
Discussion
For the current study, we aimed to simulate the 
chemical challenges of the oral environment using different 
beverages currently consumed by the population. Although 
the beverages tested in this study do not represent all of the 
drinkable solutions to which esthetic restorative materials 
may be daily exposed to in the oral cavity, the results showed 
that the gloss and color of composites were susceptible 
to alterations due to the consumption of common drinks. 
As the color of the resin composites is one of the most 
required properties and is of special interest for anterior 
tooth restoration. Clinically perceptible discoloration may 
lead to the failure of the esthetic restorative treatment and 
a replacement of dental filling materials may be required. 
Our findings evidenced that the color of the composites 
Filtek Z350 and Charisma Diamond were highly affected 
by coffee and Cranberry juice, while the highest color 
change to IPS Empress Direct was caused by coffee. The 
results indicated that the hypothesis was accepted. This 
behavior can be explained by the fact that the coffee is 
slightly acidic (pH=5) with more than 22 different acids in 
the composition, including citric and acetic acids (11) and 
yellow dyes. Likewise, the cranberry juice contains citric 
acid, but the pH=2.7, added to a deep red color. According 
to Shellis et al. (12)  the erosive potential of acid is directly 
related to the buffering properties and the degradation 
depends not only on the pH, but also on its acid type. In 
addition, the buffering capacity of the citric acid directly 
influences the rate of neutralization by saliva and hence 
the stability of the pH of the beverage. Hence, the acidic pH 
of drinks may increase the surface roughness of the resin 
composites, causing color modifications due to an irregular 
surface and higher absorption /adsorption of stains (13). 
Apart from acidic conditions, the staining of composites 
by coffee is related to the presence of a great amount 
of yellow dyes that have low polarity and can be easily 
diffused to the organic matrix of the restorative material 
(14). Accordingly, the effect of those stains on the color 
modification of the esthetic restorative materials was 
confirmed by Tan et al. (15). In this study, in a comparison of 
color among composites, the immersion in coffee promoted 
less color alteration of the Charisma Diamond than those 
of Filtek Z350 and IPS Empress Direct. The susceptibility 
of some composites to staining may be attributed to 
hydrophilicity, the degree of conversion and water sorption 
of the resin matrix (16). Charisma Diamond is composed of 
the monomers UDMA and TCD-DI-HEA. Although a little is 
known about the effect of TCD-DI-HEA on the degradation 
condition, the UDMA has the ability to increase the hydric 
stability of the restorative material (17), which can be 
enhanced by the presence of TCD-DI-HEA. Thus, Charisma 
Diamond may be less susceptible to color changes caused 
by absorption and the adsorption of the stains of coffee. 
The greater color change of the Filtek Z350 composite 
after immersion in the Cranberry juice, coffee and saliva 
might be explained by the lower percentage of UDMA in 
the material’s composition. As far as their composition is 
concerned, according to manufacturers, Charisma Diamond 
and Filtek Z350 have approximately 15% and 10% of UDMA, 
respectively. Additionally, Filtek Z350 is also composed of 
the more hydrophilic monomers Bis-GMA and TEGDMA. As 
a consequence, we could expect a greater color change 
during the degradation challenge (18). 
Associated with the color advantage, the gloss 
parameter deeply influences the survival rates of the 
esthetic restorations since it must imitate the natural 
appearance of the teeth. Regarding this, rough surfaces may 
decrease the gloss because of the random light scattering, 
the gloss decrease negatively influences the esthethic of the 
resin composites causing disharmony between the restored 
and the adjacent tooth (19). In this study, composites 
showed statistically significant differences between initial 
and post immersion gloss values for some beverages. The 
Coca-Cola drink similarly decreased the gloss in all tested 
materials. The presence of different types of acids such as 
phosphoric acid in the composition and the pH=2.5 of that 
soft drink may help to explain the decrease of the brightness 
of the materials (20). The gloss instability of composites 
after immersion in acidic solutions could be explained by 
the softening of the organic matrix by phosphoric acid, 
which affected the incidence and the reflection of light, 













promoting the decrease of brightness (21). 
It was of great value to note that a huge change was 
detected on the gloss property of IPS Empress Direct after 
immersion in coffee or cranberry juice. The composite 
has ytterbium trifluoride in the composition that may 
keep the brightness of the surface with the release of 
soluble fluoride to the water (22). In addition, during the 
degradation process the molecule of water may diffuse 
into the polymeric network filling the microspaces between 
the chains, promoting the breakdown of  siloxane  link 
and the softening of the organic matrix (23). If hydrolytic 
degradation occurs, the reflection of light is jeopardized 
(24). After immersion in artificial saliva, IPS Empress Direct 
had less gloss change than Charisma Diamond. Although 
the results found in this study suggest more hydrophobicity 
of TCD-DI-HEA, little is known about the influence this 
monomer in the chemical degradation. As far as we are 
concerned, IPS Empress Direct has more UDMA (25%) 
in the composition, causing less hydrolytic degradation 
of the material by water diffusion into the matrix and 
consequently, this reaction may lead to lower gloss loss 
(24). The brightness of the IPS Empress Direct was highly 
affected by coffee. IPS Empress Direct has the TCDMMA 
monomer in its composition, which is possibly responsible 
for the optical property’s change, since the higher the 
affinity with to polar stain of the coffee the greater the 
staining of the material, and so consequently, there is less 
light reflection.
After degradation of the Filtek Z350 in the beverages, 
it was observed that coffee and cranberry juice caused 
the most severe loss of brightness. Due to hydrophobic 
characteristics, the lower percentage of UDMA monomer 
(10%) in the composition when compared to the composite 
Charisma Diamond (15%) and IPS Empress Direct (25%), 
and also the TEGDMA presence, Filtek Z350 may be more 
susceptible to degradation in aqueous media (25). Another 
cause of that finding is the acidic pH associated with the 
buffer capacity of the drinks that undoubtedly influence 
the degradation of the dental materials since pKa is related 
to the pH and buffering condition. It is widely known that 
the potential of beverages to degrade the surfaces depends 
not only on the pH, but also on its buffer capacity (23). The 
pH and buffering of the Coca Cola are low (23) in contrast 
to the citric acid found in the coffee and juice, that, as 
mentioned before, show better buffer capacity, and, in 
association with low pH, may affect the resistance of the 
Filtek Z350 to acidic solutions.
Within the limitations of this study in vitro, it is 
evident that acid degradation promotes optic alterations 
on the surfaces of resin composites. Therefore, under 
the circumstances of the current investigation, it can be 
concluded that beverages of different pH values have 
a deteriorating effect on the color stability and gloss 
of various formulations of resin composites, affecting 
aesthetic of restorations. 
Resumo
O objetivo foi avaliar as alterações de brilho e cor de materiais restauradores 
estéticos submetidos ao armazenamento em diferentes bebidas ácidas. 
Foram preparados espécimes de compósitos de resina (Z350XT (Z350), IPS 
Empress Direct (ED), Charisma Diamond (CD) e o brilho e a cor (ΔE) de 
superfície mensurados (n=10). Em seguida, os espécimes foram imersos em 
4 mL de cada uma das diferentes bebidas (suco cranberry, Coca-Cola, café, 
ou saliva artificial) durante 15 min, 3x/dia durante 14 dias e o brilho e a 
cor novamente mensurados. A alteração de cor foi avaliada pela fórmula 
ΔE e os valores de alteração de brilho foram obtidos pela fórmula: (brilho 
final - brilho inicial). Os dados foram submetidos à ANOVA e Tukey (α 
= 0,05). CD apresentou  menor alteração de cor quando comparado aos 
demais compósitos e maiores valores de ΔE foram obtidos após imersão 
em suco de café e cranberry. O café promoveu maior perda de brilho, 
seguido pelo suco cranberry, Coca-cola e saliva artificial (p <0,05). O tipo de 
bebida influenciou significativamente no brilho dos compósitos resinosos. 
Coca-cola reduziu o brilho dos três compósitos de maneira similar. O café 
promoveu maior alteração do brilho do ED, quando comparado ao Z350 
e CD, enquanto o suco de cranberry afetou  mais o Z350 do que o ED e 
o CD. A saliva teve efeito mais significativo na perda do brilho do CD do 
que o ED. As bebidas utilizadas neste estudo influenciaram as propriedades 
ópticas de superfície dos compósitos.
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